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Its  report  is  a description  of  a digital  computer  program  lor  reducing  and  presenting  data 
from  the  high-pressure  capillary  viscometer  (HPCV).  The  IIPCV  is  used  to  investigate  the 
rheological  behavior  of  viscoelastic  fluids.  A discussion  of  the  theory  and  the  xiscometer’s 
application  is  included.  FORTRAN  computer  listings,  sample  input  and  output,  aiul  examples  of 
the  plotted  rheological  variables  are  further  inclusions. 
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SUMMARY 


A (lijiital  computer  progr;im  was  developed  to  reduce  sisnificantly  time  and  costs 
incurred  in  llie  reiluction  and  presentation  ot  the  high-pressure  capillary  viscometer  (MP(  V)  data. 
\ sa\  ings  ol  approximately  40  man-hours  per  experiment  has  already  been  achieved.  F urther 
henelits  include  greater  accuracy  ami  clearer  and  more  precise  graphics.  I’erhaps  the  most 
benelicial  factor,  however,  is  that  erroneous  data  can  be  identilied  and  corrected  more  rapidly 
than  with  the  manual  data  reduction  process.  This  is  an  important  aspect  because  many  test 
llimls  deteriorate  in  storage  and,  it'  experiments  are  to  be  repeated,  the  test  lluids  may  no  longer 
Ire  representative  ol  the  test  series. 
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FRSemMO  PAai  BUMUNOT  TXUiED 


( OMI’IITI  K I'ROr.RAM  K)R  RKDUCTION  AND  PRKSliNTATION  Or- 
lIKilM'RI  SSIJRM  CAPILLARY  VISCOMKTF-R  DATA 


I IN  I RODIK  TION. 

I'his  report  ilescrihes  a digital  computer  program  for  reduction  of  rheological  data 
aciiuireii  from  the  high-pressure  capillary  viscometer  (lIPCV)  and  presentation  of  that  reduced  data 
In  pieparation  ol  graphs  of  the  prime  rheological  parameters. 

Ihe  program  is  written  for  the  lulgewood  Arsenal  UnivacIlOH  computer  in 
I ORTRAN  \'  language.  Douhle-logarithmic  plots  of  the  reduced  data  are  drawn  by  the  California 
{ i>mputer  Proilucts  C.ALCOMP  plotter. 

If  fill ORV  AND  APPLICATIONS.' 

I he  lIPCV  is  used  in  the  investigation  of  the  rheological  behavior  of  viscoelastic  Huids. 
It  is  ilesigned  to  permit  calculation  of  rheological  variables  (refer  to  glossary)  from  geometric 
parameters  combined  with  pressure,  mass  flow,  and  time  data.  The  lIPCV  provides  a steady-state 
unidirectional  laminar  How  of  the  test  lluid  by  generating  a constant  stress  at  controlled  pressure 
levels. 


The  nucleus  of  the  HPCV  is  the  removable  precision-bore  capillary  tube  which  is 
inserted  between  two  100-ml  test  fluid  reservoirs.  Tlie  capillary  tube  and  reservoir  assembly, 
inchuling  leail-in  lines  and  connecting  tubes,  are  constructed  of  stainless  steel.  To  insure  complete 
temperature  control  of  the  test  sample,  the  lluid  reservoir  assembly  is  placed  into  a temperature 
bath.  In  operation,  pressurized  gas,  controlled  by  a network  of  valves  and  regulators  and  monitored 
by  a bank  of  precision  gages,  forces  test  fluid  from  one  reservoir  through  the  capillarv'  tube  to  the 
second  reservoir.  This  action  forces  gas  from  the  second  reservoir  to  impinge  on  a low-viscosity 
fluid,  such  as  n-hexane,  driving  it  through  a burette  at  the  same  flow  rate  being  experienced  by  the 
test  lluid. 


Volumetric  flow-time  relationships  are  determined  from  the  burette  readings.  Pressure 
gradients  of  10“-^  to  10-^  psig  can  be  applied  with  the  HPCV  resulting  in  an  operating  shear  rate 
range  of  10~  -^  to  10^’  seconds'  ' . 

Table  I presents  a listing  of  the  capillary  tube  sets  and  (heir  dimensions. 

Two  basic  experiments  are  perfonned  with  the  HPCV.  The  short-series  experiment 
involves  volume  llow-rate  measurements  performed  with  the  longest  capillary  tube  of  each  group. 
These  data  permit  shear  stress,  shear  rate,  and  apparent  viscosity  to  be  calculated. 

The  calculated  data  can  then  be  used  to  generate  shear  stress  versus  shear  rate  and 
viscosity  versus  shear  rate  plots.  These  generated  plots  arc  known  as  the  basic  flow  curves  and  are 
ade(|uate  to  describe  fully  the  rheological  behavior  of  Newtonian  or  inelastic  non-Newtonian 
liquids. 

* (laskins.  P'redcrick  M.  KATR  4472.  Characterization  of  Thickened  Aluminum  Alkyl  Fuels.  II  Steady-Slate 
Flow  Properties  of  Concentrated  Solutions  of  Polyisobutylene  in  Triethylaluminum.  Janaury  1471. 
UNCLA-SSIFIFI)  Report. 
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Morf  inlorm;ition  is  needed  to  describe  the  How  of  hijih-polymer  or  other  viscoelastic 
solutions.  Ihis  is  accomplislied  by  the  use  of  all  the  capillary  tubes  in  a long-series  experiment 
These  additional  data  permit  calculation  of  recoverable  shear,  shear  modulus,  relaxation  time,  and 
normal  stress,  parameters  neeiled  to  describe  the  Huid’s  elasticity. 

The  IIPCV  is  limiteil  by  the  shear-rate  range  in  which  it  can  operate.  For  lower  shear 
r.ites.  less  than  1()~-^  sccoiuls" ' , the  rotational  viscometer  or  the  Weissenberg  rheogoniometer  is 
used  to  accpiire  neeiled  data.  The  Weissenberg  rheogoniometer  also  is  more  accurate  since  it 
measures  elasticity  directly  as  cominireil  to  the  III’C'V  where  elasticity  is  a computed  lunction  ol 
ph\  sical  and  rheological  factors. 

Ill  coMPLiri  imm<()(;ram  dfsc  ription. 

Ihe  computer  program  matches  the  basic  experiments  performed  with  the  IIPCV 
I.C..  the  first  phase  provides  data  reduction  and  graphic  interpretation  for  the  short-series 
experiments  and  the  secomi  phase  provides  data  reduction  and  graphic  interpretation  for  the 
long-series  experiments 

A.  Series  Phase. 

uiix  A contains  the  How  chart  and  the  program  listing. 

l lie  first  .section  establishes  arrays  and  procedures  for  data  input.  Volume-time  data, 
i.e..  the  flow  rates  through  the  capillary  tubes,  for  each  pressure  level  are  fed  into  the  computer. 
•Appendix  A contains  sample  input.  A slope  and  y-intercept  are  calculated  at  each  pressure  level 
troin  the  volume-time  coordinates. 

Values  for  shear  rate  and  shear  stress  are  then  calculated  by  using  capillary  tube 
dimensions  anil  the  following  rheological  relationships: 

7,„  = 4S/7rr-^  (1) 

a = rAP/2t  |2) 


where 

= shear  rate,  sec"  * 
r = capillary  tube  radius,  cm 
S = slope  or  volumetric  flow  rate,  cc/sec 
(j  = shear  stress,  dynes/cm^ 

AP  = pressure,  dynes/cm ^ 
f = capillary  tube  length,  cm 

The  apparent  viscosity  at  each  pressure  level  is  calculated  as  a function  of  the  shear 
stress  divided  by  the  shear  rate. 


Tlio  rciiiiced  data  are  printed  in  tabular  form.  Appendix  A contains  sample  output. 

Two  douhle-loparitlimic  plots  of  the  reduced  data  are  drawn  by  the  CALCOMF’  plotter. 
One  plot  is  a jiraph  of  shear  rate  versus  shear  stress;  the  other  plot  presents  apparent  viscosity  versus 
shear  rale.  On  each  graph,  a best  fit  curve  is  drawn  through  the  data  points.  This  curve  is  computed 
using  1-.  Wilbur's  program  for  fitting  a polynomial  equation  as  high  as  the  sixth  degree  to  the  data. 

Appendix  A contains  a sample  plot  of  the  basic  flow  curves  (figures  A-l  and  A-2). 

B.  I ong- Series  I’hase. 

■Appendix  B contains  a fiow  chart  and  the  program  listing. 

The  input  is  basically  the  same  as  for  a short  series,  except  that  an  extra  card  is  used  to 
read  in  the  numbi'r  of  groups  of  capillary  tubes  and  their  designations.  Appendix  B contains  sample 
input.  The  same  basic  calculations  are  performed  for  shear  rate,  shear  stress,  and  viscosity,  and  a 
double  logarithmic  plot  of  shear  rate  versus  shear  stress  is  drawn.  A curve  is  plotted  for  each 
capillary  used.  A sample  plot  of  these  basic  intermediate  curves  for  one  capillary  group  is  contained 
in  appendix  B (figure  B-1 ). 

Values  for  shear  rate  and  shear  stress  selected  for  this  intermediate  plot  are  then  used 
to  predict  certain  viscoelastic  properties  of  the  material  studied.  Furthermore,  by  examining  the 
general  slope  of  these  curves  and  recognizing  those  points  that  deviate  from  the  norm,  erroneous 
data  are  located  and  immediately  deleted. 

For  each  group  of  capillary  tubes,  six  isoshear  rates  are  selected.  For  each  selected 
shear  rate,  a corresponding  shear  stress,  the  total  shear  stress  (refer  to  glossary),  is  calculated.  Tlie 
total  shear  stress  then  pennits  the  applied  pressure  to  be  computed: 

0|  ^^Tms  " 

AP=(2S/r)Oj  (4) 

where 

Oj  = total  shear  stress,  dynes/cm^ 

7ms  “ selected  shear  rate,  sec'  ’ 

BT  = y-intercept  of  shear  rate  versus  shear  stress  curve 
Sj  = slope  of  shear  rate  versus  shear  stress  curve 

AP  = applied  pressure,  dynes/cm^ 

K = length  of  capillary  tube,  cm 
r = radius  of  capillary  tube,  cm 
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Am.iK ving  llio  applicil  prossiin.-  versus  (d/r  ratios  of  llie  capillary  tubes  by  groups,  values 
lor  eorreeteil  shear  stress  aiul  recoverable  shear  are  computed.  I’he  corrected  shear  stress  c(|uals  the 
sU>pe  of  the  applied  pressure  versus  the  t!/r  ratio  curve  divided  by  two.  Recoverable  shear  eciuals  the 
\-a\is  intercept  imiltiplieil  by  a negative  two.  More  detailed  explanations  are  conlainec'  in  the 
glossars  and  table  2. 


Table  2.  Matrix  Tor  the  Cairillary  T.xperiinent * 


— 

ITinction 

X- intercept 

Y-intercept 

Slope  ! 

Oj  = 1 (1  k ) 

— 

-*•  O ' t< 

1’,  = ftt'r) 

K'  r)|y.o  = -T'R''- 

<<’t'C-o  = "c  •T'K 

-"c  i 

1 

* \ccording  to  I’liilippoTI  uiul  (iaskins.^  Note  that  the  oiiginal  matrix  in  llic  rct'ercncc  (page  has  been 

nioditiei.1  by  delclion  ol  the  Couelte  eurrection.  “n".  This  siinplificalion  is  based  on  ibe  lationale  Ibal  "n". 
wbieb  is  an  eniraiue  correction,  is  conslani  tor  various  capillary  tubes  wilb  Ibe  same  radius,  and  the  computer 
program  sequence  presented  in  this  report  evaluates  elasticity  from  data  for  groups  of  tubes  of  the  same  radius 
at  constant  shear  rates. 


.Aihiitional  rheological  iraraineters,  including  apptirent  and  effective  viscosity,  shear 
modulus,  relaxation  time,  and  normal  stress,  are  calculated  as  tollows; 


Wc^'i'ms 

(5) 

’e=  '^a*' 

(6) 

(.  = (;,./7k 

(7) 

' = >R/'i'rns 

(8) 

Nl  =«c‘Yk 

wliere 

= apparent  visco.sity.  poise 

7}^  = effective  viscosity,  poise  (empirical  relationship) 
= corrected  shear  stress,  dynes/cm^ 


‘■Phihppoff,  W.,  and  (iaskins,  F.  II.  The  Capillary  Fxperiment  in  Rheology.  Transactions  of  the  Society  of 
Rheology//,  263-284  ( If.SH), 
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"^ms  ~ shciir  rate,  sec'  ' 

('i  = sliear  inodiilus,  dynes/cni“ 

7j^  = recoverable  shear,  dimensionless 

t = relaxation  time,  seconds 
N|  = tiormal  stress,  dynes/cm’ 

I ive  double  logarithmic  plots  ol  the  computed  viscoelastic  properties  are  drawn. 

Plot  one.  the  How  curve,  is  selected  shear  rate  versus  corrected  shear  stress.  Tlie  inverse 
slope  at  any  point  is  the  apparent  viscosity. 

Plot  two,  the  viscosity-rate  curve,  shows  the  apparent  viscosity  vt'  .us  the  selected  shear 

rate. 

Plot  three,  the  deformation  curve,  is  recoverable  shear  versus  the  corrected  shear  stress. 
The  inverse  slope  at  any  point  is  the  shear  modulus. 

Plot  four,  the  deformation-rate  curve,  shows  recoverable  shear  versus  selected  shear 
rates.  1 he  slope  at  any  point  ecjuals  the  relaxation  time. 

Plot  five,  the  normal  stress-rate  curve,  is  the  normal  stress  versus  the  selected  rates. 

Appendix  B also  contains  samples  of  these  five  plots  for  a viscoelastic  Huid  combining 
all  the  capillary  groups  (figure  B-2). 

IV.  OPI  RATING  INSTRUCTIONS. 

A deck  of  Hollerith  cards  containing  all  of  the  F-ORTRAN  V statements  and  control 
cards  is  necessary  for  operation  of  the  program  and  assigning  plot  tapes.  The  Univac  1 108  uses  the 
1 XIC  V'lll  control  language.  Tlie  number  and  format  of  control  cards  may  vary  somewhat  in 
difterent  computer  installations;  therefore,  they  are  not  considered  in  this  report.  Consult  your 
computer  information  directorate  for  appropriate  control  cards. 

V.  CONCLUSIONS. 

This  computer  program  reduces  significantly  the  time  and  costs  for  data  reduction  and 
evaluation  for  experiments  conducted  with  the  HPCV.  Sixteen  man-hours  are  saved  for  each 
short-series  experiment  and  approximately  40  man-hours  are  saved  for  each  long-series  experiment. 
A step-to-step  procedure  for  manual  data  reduction  is  presented  in  appendix  C. 

Additional  benefits  are  greater  accuracy  and  minimization  of  errors  inherent  in  manual 
data  reduction.  The  curve-fitting  technique  further  reduces  errors  or  distortions  caused  by  visual 
evaluation  and  manual  attempts  to  fit  curves  to  data  points.  The  program  provides  an  equation  of 
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the  iH’st-lit  curve  which  permits  I'urther  inlbrmation  to  he  preilicteil  accurately,  l-inally,  clearer  and 
more  precise  graphics,  reaily-maile  lor  inclusion  in  reports,  are  produced. 

I’rohahly  the  nu)st  important  henefit  is  that  erroneous  ilata  can  be  identified  rapidly 
.md  .1  test-series  experiment  can  be  repeated  immediately.  This  is  an  important  aspect  because  many 
test  Iluids  deteriorate  in  storage  aiul  are  not  rejiresentative  ol  the  test  series  il  repeat  experiments 
.ire  ilelayed  as  was  usu.illy  the  case  when  manual  data  reduction  was  necessary. 
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1.  Shear  rate.  see''  : Tin?  deformation  rate  developed  across  the  stress  field,  also,  the 

irreversible  shear  How  ol  the  lliiid. 

2.  Shear  stress,  o.  dynes/em“ : The  tangential  force  per  unit  area  exerted  on  the  fluid  causing 

deformation,  orientation,  or  flow. 

a.  I'otal  shear  stress.  Oj!  Calculated  value  based  on  the  tube  geometry  and  the 
total  pressure  gradient  which  includes  the  pressure  utilized  in  reversible  elastic  deformation 
(see  eciuation  .1  in  text). 

b.  Conected  shear  stress,  o^.'.  Reduced  value  based  only  on  portion  ot  pressure 
utilized  in  irreversible  viscous  How. 

3.  Recoverable  shear,  7j^,  dimensionless;  The  reversible  elastic  shear  strain  developed  in  the 
Huid  under  shear  that  may  be  recovered  in  real  time  after  cessation  of  flow  or  removal  of 
stress. 

4.  V'iscosity,  17  = 0/7,,,.  in  poise  or  dynes-sec/cm^;  The  resistance  to  flow  offered  try  the  fluid 
umier  shear. 

a.  Apparent  viscosity,  r;,,:  Variable  function  of  shear  rate. 

b.  I ffective  viscosity,  n^.,  dynes/cni“:  An  empirical  term  relating  a tluid’s 

viscous  and  elastic  components  - fR^-  relaxation  time  definition. 

5.  Normal  stress.  N|  = o • 7[^,  dynes/cm“:  The  first  normal  stress  functions;  force 

perpendicular  to  direction  of  flow. 

(1.  Shear  nurdulus,  ('■  = 0/7 dynes/cm':  Tire  modulus  of  elasticity  measured  in  shear 

(ecpiivalent  to  Hooke’s  law). 

7.  Relaxation  time,  t = 17/G  = 71^/7 sec:  The  time  required  for  a strained  or  sheared  material 

to  recover  after  stress  removal  (also  called  retardation  time). 

8.  Newtonian  tluid:  Viscosity  is  a constant,  independent  of  shear  rate. 

9.  Non-Newtonian  tluid:  Viscosity  is  a variable  function  of  shear  rate. 

10.  Viscoelastic  tluid:  Material  under  shear  demonstrates  viscous  response  (irreversible  (low) 

and  elastic  response  (reversible  storage). 

1 I . Inelastic  tluid:  Material  under  shear  demonstrates  no  elastic  response. 
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I cRoni’ 
n 

TR 

4.  TK 

5.  HK 

fv  k; 

7.  KIN 

8.  n or  I 

<■).  n UB  or  J 

10.  NB 

11.  I’RISS 

12.  KOUNT 
13  VOl, 

14.  T 

' 15.  SKIMA 
1().  B 

17.  TAl! 

18.  I) 

10.  VIS 
20.  DM 
21  DMX 

22.  I)N 

23.  DMN 

24.  R 

25.  PM 


DISCRIPTION 

A.  B,  1),  I . I 
Tube  leiifTths 
Tube  radii 

('onstant  ratio  ( 2 <^/r) 

Constant  ( — r) 

' 7T  r ’ / 

Number  at  groups 
Croup  number 
Number  of  tubes 
Tube  number 

Number  of  pressure  readings 
I’ressure  readings 
Number  of  volume  readings 
Volume  levels  reeorded 
Time 

Slope  of  VOL  versus  T readings 
Y-intereept  of  VOl.  versus  T data 
Shear  stress 
Shear  rate 
Viseosity 

Maximum  I>  for  eaeh  tube 
Minimum  maximum  I)  for  eaeh  group 
Minimum  I)  for  eaeh  tube 
Maximum  minimum  D for  each  group 
Maximum  D minus  minimum  D 
Midpoint  of  R 


VAKIABLI 


Dl  S(  KimON 


26. 

SD 

Sflecicd  I) 

21. 

SICMAT 

Slope  of  1)  versus  TAU  data 

TAUT 

Shear  stress  for  eacli  SI) 

2‘). 

DP 

Pressure  Ibr  eacli  TAUT 

30. 

TKS 

TK/2 

31. 

TA  UC 

Slope  DP  versus  t/r  data 

32. 

RSU 

Recoverable  shear 

33. 

VISA 

Apparent  viscosity 

34. 

C. 

Shear  modulus 

35. 

RT 

Relaxation  time 

36. 

BC 

Y-intercept  of  DP  versus  TKS 

37. 

NN 

Pressure  number  (NP) 

38. 

BT 

Y-intercept  of  I)  versus  TAU 

39. 

NM 

Tube  number  (IT) 

40. 

PN 

Normal  stress 

41. 

D2  or  DS 

D values  for  plot 

42. 

VIS2or  VISS 

VIS  values  for  plot 

43. 

TAU2  or  TAUS 

TAU  values  for  plot 

44. 

SD2 

SD  values  for  plot 

45. 

TAUC2 

TAUr  values  for  plot 

46. 

VISA2 

VISA  values  for  plot 

47. 

RSCl 

RSC  values  for  plot 

48. 

PN2 

PN  values  for  plot 

49. 

XPAGE 

X-values  for  plot 

50. 

YPAGE 

Y-values  for  plot 

51. 

FPR 

Predicted  Y-axis  values 

52. 

EV 

Effective  viscosity 

T*jG.5:Mf>Jnf>‘^212.Rr<;FAR.2.  inn 

LaRRYW. 

h_n?/n4-i?;  :a7 

RRYW. 

RYta  . 

ISCAP. . ViSCAP 

2/nu/77-ip:-A7;42  (,n)  sample  listing  for  short  series 
OgRA».' 

usfd:  c^nF(i)  0007251  dataio)  oi55’<4i  BLANK  commom{2)  oonono 


L REFfREMcrr;  (BLOCK.  MAMF) 
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•jRnUT 
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n 
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BK 

oooo 
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nc 
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I 
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in 

ooon 

T 

000074 

J 

OOOo 

r 

015341 

4 

01S344 

Ko"NT 

0000 

I 

01S340 

L 

ooon 

1 

01 S343 

M 

oooo 

1 

015345 

M 

(1153=7 

rc/t 

0000 

r 

013217 

NM 

ooon 

T 

01 5347 

K)P 

oooo 

I 

01 R3C6 

M' 

006705 

Sigma 

0000 

R 

01S346 

ST 

oooo 

R 

01S347 

STS 

oono 

R 

01 R3R2 

r • 

0153S1 

svs 

0000 

R 

003751 

T 

oooo 

R 

010511 

TAU 

oooo 

R 

013276 

•»■/ 

oonooo 

tl 

0000 

R 

015354 

TM 

noon 

R 

000017 

TR 

oooo 

R 

015355 

T\ 

014012 

Viss 

0000 

R 

nnioi^ 

VOL 

oooo 

R 

014566 

xpagf 

oooo 

R 

015052 

Vf 

1*  PIMcn^ION  TI  ( 1 5)  *TR(  IS)  , TK  < IS)  ,oK  ( IS)  . J(1S>  .PPffs(  1 * VOI.  Mn.Sn 

2*  C ) .T  ( 30.50)  .STGMA  M 5 . 30  ) , R ( 1 S . SO  ) . TA' ' ( 1 S . SO  ) » 0 ( J f , 30  1 . V TS  ( 1 S , -AO  1 , NM 
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■4  ’ 
S' 
S’ 

T 

n 
10 
1 1 
1 ^ 

1 4 

14 

15 
Is 
1 7 
I 0 

1 n 
tO 

22 

2A 

?4 

2S 

2 S 
t 7 
2fi 
20 

30 

31 

3 

3 3 

3 4 

3,s 

37 

'A 

'o 

40 

SI 

4? 

4 ' 
4 4 
4S 
4S 
47 
4 0 
40 
Sn 
M 
S? 

53 

54 
Ss 
‘>S 
S7 
So 
■jo 


r ( 1S1 ,TAIIS( 10?) ,nS( 10?) ,vTSS( 1 o?) ,FpOf 1o?) 
niMrM<;lON  XPA'^iEU'^O)  .YP«r,p(ion) 

Data  Tu/a.s^qu.n.sqso* 3.o30p.n.o4?n.o,o7sq, i .oi xo.s.n^o?* i .osis.s. 
f n«S3, 1 . i3q2,s.o«si  .n.oflns.o.?in?f  n.'»ooft,n.407i / 

Data  TR/n.nin3.n.nin3fn.oi8o»o.oios»o.no?n»o.o3in.ri.if,io,o.oo?o,n. 
rn3in,n.i6in.n.?onn,n.nin3»o.oioc,n.ntio,o.no?n/ 

OaTA  TK/130.  ,Sq'3.  » 167.  .7S1  . .SS4,  . 7n  ?., inos, . 1710. ,?nO. 0,4  070. ,1-i-sn 
r . ,4410. .2P20. ,?74  0. ,60Sn./ 

DATA  OK/1.17p*6.1.17r  + 6,7.0ir40,?.ni''3S»?.3r4-A,4.?6r44,7.oor4?,o.3 
rr«  3.4.26F4  4, 3.0SF  + 7,7.??r4l  , 1 . i 7r + 6 * ”•  . 01  r ♦ 0 » 4 . ?6F-*4 , 7.  xr+^A/ 
RpAn(S»l)  I . ( J(4 ) ,K  = 1 . I ) 

1 F0R'3ftT(  ) 

L=1 

p JK=  KIJ 

REAS  ( S,  ? ) MH,  ( porss  ( JK  , k ) *Kr  1 «MM 
? FOR"AT<  ) 

Mr) 

S REAn(S»  3)  KOi|A|T.  (V0L(‘3»m)  »T(*'.M)  .A|=1  .KOIOIT) 

3 FoRvAK  ) 

30  ^T=o. 

STSrO. 

SVFO . 

SVSrO. 

STVrO. 

no  1 0 NK  = 1 » k 01  ifjT 

ST  = ST-fT(M.Nk  ) 

STS=<iTS*T(M,Mk  ) *♦?. 

<;V  = SV  + VOL  ) 

SVSrSVS  + VOL  tM,rjk  ) **?. 

STVtSTV  + T (w,4|k  ) *VOL  (*3*tlk  ) 

10  CONTINUE 

SIG*‘A(L*w)z<<;TV-(  (ST*SV)  /KOumT)  ) / (c;Tr _ ( <;t **7 . )/n’0(i>'r'1 

tmfst/kount 

tv=s\//kount 

n ( L .M)  =tv-sto,ma  (I.  »M)  ♦tm 

TAU(L»M)=RP''ST;(  JK  ,M)*Tk  ( JK  ) 
rxL.Mi^sir.vA  (L.»)  *0K  r JK  ) 
viS(l*m>=ta'|(l*'3) /nu  »M) 

IFdA.PO.NP)  on  rn  ?? 

M-M+  1 

Go  TO  S 
?2  NN(.)K)=NP 

IF(L.FQ.I)  0,0  TO  sn 

L=L>1 

GO  TO  6 

so  WRITF(6.100) 

inn  FORMAT (* 1 •, • CAPILLARY  PnrcSiipF  SLnPp  ShFAP  FTprrs  rurup 
ORaTF  VISCn<irrY*/*  ruiMOpn  onr  nr/Trp  OV«ip<;/r-*? 

C 1/SEC  POTSFM 

NXYrl 

DO  in?  K=1  » T 
JK  = J(K  ) 

NP=NNf JK ) 

no  m3  NMrl.fjO 

WRI  TP  (6»  104  ) J (Y  ) .PpFSS  ( JK  ,M««)  .sigma  fY  ,1|M)  , TAM  (k  , 4j«<  1 , n f . M**  1 , WTS  (k 

r . nm  1 

1 0 4 F0RmAT(6X» I?,6X.F7.?,4X ,FS.3.4X,FR.7.SX.FQ.7»3X.FR.4  1 


i 


f^n* 
t)i  * 

f>3* 
f u» 

tf.  ♦ 

ti7* 

t 

t,o» 

7n» 
vi  ♦ 
12* 
1 *,* 
’4* 
7s« 
7^,. 
77* 
74* 
7q* 
PO* 
Pi  ♦ 

hp* 
M4  ♦ 

PS* 

fth* 

87* 

8«» 

»lO* 

'>0* 

‘^l* 

Opt 
ort 
O4  « 
'>8* 
'^h* 
97* 
9u  « 
Qr)» 
llO  * 
01  • 
0?» 
n^* 

04* 

nt,» 

ri(,  • 

f 7* 
04* 

(JT* 
10* 
11* 
12* 
1 1* 
14* 
IS* 

is* 


TAUS(MXY)=TA|l(K*nM) 

DS(NXY)=D(K,ajM) 

VISS(MXY)=VTS(K»MM) 

NXYtAJXY+1 
103  COUTINIIF 
in?  C0^JTI^^UF 
NXYtNXY-1 

sou  Call  plots! to. ioi a) 

Call  PLOT(0.n.--«s.o,-x) 

Call  plot(o.oi?.o,-3) 

CAI  I rACTORln.YS) 

TAHS(^|XY4  l)rl  .0 

TAUS(MXY*?)r.sn 
DS(‘1XY*1  ) = 1 .0 

r)s<"XY*?)  = .sn 

Cali  LOAXStn.n.o.o.'JOHsHFAP  sTDFSs-o'Y>grs/CM-sonARrn»-'>o,  i?.o,n.n 
f 1 .0, .so ) 

Call  LGAXS(n.n.n.n,?oHsHFAP  patf-rpotprocal  sprONns.jn, i?.n,on.n 
r 1 .0. .SO) 

Call  lglin! taus»'^s>nxy,  1 .-1 , 1 1 , o) 

Call  symbol ( 3.n.  1 ?.n » .21  .?7msmfap  vs.  shfap  stpfss.o.o.77) 
Call  FiTcuR(TAus<ns.NXY,FPR) 

FPR(nXY+l)=l .0 
FpR(»|YY*?)r.sn 

Call  lgl im( tahs.fpr.myy , 1 . -i . 5, o) 

N=1 

200  XPAGE(N)=( ALOG10(TAUS(N) ) ) /T AMS ( MX Y*’ ) 

YPAGF(N)  = ( Al  nSin(FPR(M) ) )/DS<MXY  + 2) 

IF(M.FQ.l)  GO  TO  ?01 

iF(M.ro.MXY)  GO  TO  pop 

CALI  SMOOT  ( VPAGF  (M)  . YPAr.G  (M)  * -2  ) 

GO  TO  203 

201  CALL  SMOOT(xpAGFfN) »YPAGF(M) ,0) 

GO  TO  ?03 

20?  Call  smoot(xpagf'n) . ypagg(m) »-?a) 

GO  TO  204 

203  M=M*1 

GO  TO  200 

204  Call  plotio.o* is*o*-x) 

VISSIMXY+l )=.01 

viss(nxY«2)=.sn 

Call  LGAXSf0.0»0.0,?OHSHFAP  RATF-PrGTppOCAL  Spr  OMOC  , _ ->n  , i 9 , o , p , p 
Cl .0, .SO) 

Call  lgaxs! o ,o»  o.o, ismvtscostty-potsf» is, 12.0,00.0, .01. .so) 

Call  lglin(os» vtss,mxy, 1 ,-i,n ,o) 

Call  SYMnOL(3.0,12.0, .21 ,24M)/TsroSrTV  vs.  Smf«r  RATr,0.o,24) 

Call  fitcur (os.vtss.mxy.fpr) 

FPR(»1XY*1  ) = .0) 

FPR(rjxY*2)r.S0 

Call  lgltn(os,fpp»nxy. 1 ,-i ,?,o) 

Nrl 

30  0 XpAGF(N)  = ( AI.OG10(nS(M)  ) )/DS(MVY*2) 

YPAGF  (N)  = ( < ALOGt  0 (Fpp  (M)  ) l/vTSSlMXy*'’)  ) *4. 

IF(M.FO.I)  GO  TO  301 
tF(M.FO.MXY)  GO  TO  302 

Call  SMOOT ( ypagf (n) ,ypagF(N) ,-2) 

Go  TO  303 
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17*  ■'ni  Cali.  SMr)OT(vpAr,r(N)  .vPAnrcN)  »n) 

lx*  Go  TO  303 

iq*  302  Caul  GMOOK  VPAGF(M)  ,YPAr,P’(N)  *-2U) 

?n*  Go  TO  304 

.1*  303  N=N+1 

.'5*  Go  TO  300 

23*  304  Call  PL0T(0.n»0.o,qqo) 

.’4*  GO  EtgO 
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Figure  A-1 . Sample  of  Basic  Flow  C urve  (Shear  Rate  Versus  Shear  Stress) 
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Figure  A-2.  Sample  of  Basic  Flow  Curve  (Viscosity  Versus  Shear  Rate) 
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nr,7t,r2  \lxc,y 


noon  p n«,P37f,  Tv 
nnon  p nn«.53l  voL 


nofio  '»  f'4»^7is  VTS 


ooon  p n';f,oo7  vi 


1 ‘ 
■)  * 

f * 
4 ♦ 


7* 
4 ♦ 
T * 

in« 
1 1 » 
1 

1 '♦ 
I 4* 
lb» 

17* 

in* 

2n* 
.M* 
??* 
7 T* 
.7'»* 
J-5* 
PS* 
;>7* 
no  * 

^'Q« 

■^'l* 

?!♦ 

3P* 

3-«* 

3U* 
3S* 
Jfi* 
37* 
■'P* 
3P* 
40* 
41* 
45* 
43* 
44* 
4S* 
4S* 
47* 
4 n ♦ 
40* 

sn* 


SAMPLE  LISTING  FOR  LONG  SERIES 
0I'^-M5l0\i  TAi/r  (f  » ISf  S) 

OI'<=’N';iON  P70  IP  (S)  ,TL  ( IS)  . Tp  M S)  ,TK  M *;)  *TkSM  »0K  { 1 *7)  » TGN(  A)  . T7UP 
'-(s*lS)*oPE:5Sts,iS,3n)»V0L(3n.sn),Tc*n,5n).STGM4(ft,is.3n)rR(s*1S.3n 
'■),PS(6*15»3P).Tflt)(S,lS,3n).n(S.lS»3'')*VTS(ft*lS,10)»HM(A,lS)  »0MX(6) 
C0M(6»1‘7)  »s>’N(S)  «7(S)  *pv(S)  .SO(s.S)  .STGMATIS*  IS)  » r)0  ( ft , i s » 6 ) » T AH'- ( S 
C • s)  .7SC  (6»S)  .V/ISA(s,S),G(ft*S)»PT(S.S),sr(S»S)  .MM{  IS)  »RT(6*  1 *>)  *N‘»(S 
C)  .°'1(6>6)  »EV(t»S) 

Di'^SNSiOM  o7(snn),vTS?(som,TAup(50'^)*sn7('4n),TAUc?(‘)n)»vTSA5{po), 
rpscptpo) »PN5C70) 

data  TU/2.S7q4rn.S')S9.3.B30n»').A4?fltS.07Sq»  1 . SI  3S,  S . 05SP  . 1 , SSI  S . S . 

7 0S53,  1.13Q?.S.n«'^l»0.nsnSf0.P)S5f0.3ooft,().4ft7i/ 

data  TR/0.OlD7,n.Din3»0.01flS*O.0lS5»D.nS?f)»O.O310»O.161»0.O4?,fl.03 
C1»0. 161 *0. 2S »n. nl03*n. 01 S5 *0.031 >0.005/ 

data  TK/13S. *sq7. . 167. .751 . *SS4. *70?. * 10P5. * 1 710. .?OO.S,4B70. .1760 
r . .4410.  .2<920.  .5  74  0.  ,6050./ 

data  TKS/250., 57. 0.?07. ,45.6.61 .0.45.5.31.4.20,1 . 164 . . 7 . OR. 1 9.6. 7. 
'■52. 1 1 .8*  IP.s.s,  7/ 

data  DK/I.17r*6,1  . 1 7f  *6 . 7 . 0 1 c-*S . ? . 0 ) '^*•5 . ? . 3F  + 3 , 4 , 26'"*4 . 3 , 05r*5 . 5 . 3 
CE  + 3.4.26E*4.3.0=^^:*2.72.2.1  .l‘^='  + 6.P.oir  + 5.4.26F*4.?.3E  + 3/ 
data  group/* A' . *D*.*C*.*D*.*F*.*F*/ 

RE4D(5.1)  IS,  ( IG>I(  J)  . J=l  .IG) 

1 FORMAT!  ) 

1 = 1 

65  L=IDN( I ) 

read  (5. 2)  IT,  (ITl'D(L.  J)  *>i=l,  IT) 

2 format  ( ) 

M=1 

8 MM=TTUB(L.M> 

RFAD(5.3)  no,  (PPP55(L.MM,K)  ,K  = 1 ,ajo) 

3 FORMAT!  ) 

N=1 

6 READI5.4)  KoiJMT.  !V0L!N,K'<)  . TIM, KK)  ,44  = 1, KOINT) 

4 FORMAT!  ) 
pT  = 0. 

STSrO. 

5V  = 0. 

STVsO. 

DO  10  N4=1>4DMMT 
ST=5T*T(N.V4) 

STS=5TS+T!N.N4)**2, 

SV  = SV*V0L!M.k|4) 

STV=STV*T!N.N4)*V0L{M..t4) 

10  CONTINUE 

SI3mA!U.MM,*1)  = !STV-{  !5T*SV)  /KOUa'T)  ) / (5TS-!  5T**2.  ) /40UNT) 

TM=5T/K0UNT 

TV=SV/KOUNT 

DIL.MM.N)  =TV-SIS**A  !l  .MM,N)  *TM 
TaU(L.Mm,N)=PRF55(l,mm,m) *T4(MM) 

D!L.MM.N)=SISMA!L.MM.N)*DK!mm) 

Vr5(L.MM,N)=TAU<L.MM.N)/D(L.MM,N) 


Appendix  B 


40 


IP('I.PQ.N7)  r,o  TO  s 

‘ 

NrM*! 

Sl4  * 

GO  TO  6 

‘ S* 

5 

NM(  VIM)  =NO 

SG  = n. 

7* 

GTft  1 = 0. 

Gift  IS=0. 

‘ o» 

S0T4U=0. 

« 

no  ?l  fgX=l.''P 

1 ♦ 

SS  = G5*0(L*MV,>.|x) 

■ . "5  ♦ 

GTfl  lzGTAL)*TM)(i_.VM*MV) 

4 » 

STA  iS=STajS*TA  J(L  »'AM,NX)  **?, 

r.  ^4  ♦ 

SDTAIJ  = SDTALI*0(L  »*'''»  NX)  *TAU(L*  MM.  nX) 

■.s* 

71 

CONTINUE 

» 

GIGm«T(L.Mvi)  = (S0TA'J-(  (95*STaII)/NP)  ) / ( GTAI  IG- ( GTMi**? 

' ?♦ 

TTA  )=GTAU/NO 

■ 1 • 

T")=GS/NP 

1 'I* 

9T(!.  »MM)rT''-GTGMAT(L.Mv|)*TT/\n 

7 :;  ♦ 

DMlL.MMjrO. 

71* 

DO  70  J=l.NO 

7-’* 

?0 

IF(D(L.MM»  J)  .GT.0M<L»MM)  ) Ovi(L.MM>=ofL»MM,  J) 

7** 

DN(l*MM)=1000000. 

7U» 

sj 

O 

J 

il 

*5 

7‘* 

7? 

IF(o(L»«M.  J)  .LT.on(l.MM)  ) ON<L»vim)=o(l»mm,  J) 

7h* 

IFtM.FQ.IT)  GO  TO  7 

77* 

M=M*1 

7P* 

GO  TO  8 

70* 

7 

NM(U=IT 

.-in* 

DMX(L)=iononnn. 

ni* 

DO  7-^  JzlflT 

-i?* 

MM=IT')B(L.  J) 

n }♦ 

?3 

IF(0M(L.m>^)  .1.7,omx(l)  ) 0MX(|  )=nv(L.MM) 

M4* 

DMN(L)=0. 

fiS* 

DO  24  J=1.IT 

♦ 

My=TTi)9(U.  J) 

‘47* 

?4 

IF(0N(L»MM)  .GT.nHN(L)  > DMN  ( L ) =DN  ( L . M>« ) 

•4‘1* 

R(L)=DMX(L)-DMN(U 

-4P* 

PM(L)=R(U/7. 

<70* 

5D(L»1)=DMN(L) 

01* 

SD(L»?)=DMN(L) *.2*R(L) 

^?* 

SDtL.X)=OMN(L)*.'‘*P(L) 

<73» 

SD(L»9)=DMNfL>*.^*R(L) 

94* 

SD(L.S)=DMN(L' *.D*R(L) 

Q5* 

5D(L.6)=0MXrL) 

9f,* 

DO  76  Jrl.IT 

97* 

MMfTTUB(L» J) 

9^* 

DO  7«s  K = 1.6 

go* 

TAUT(L*MM»i<)r(  50(L*K)-9T(L»MM)  ) /GiGMAT  ( l . MM) 

inn* 

DP(L.MM.K)=7.*TKS(MM)*TAUT(l.MMiK) 

101* 

26 

CONTINUE 

10?* 

?5 

continue 

m3* 

K = 1 

104* 

STKG=0. 

10«5* 

STKGGrO. 

lu6* 

5DP=0. 

107* 

STKGDP=0. 

10«* 

DO  31  J=1.IT 
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1 '• 
lie. 

in* 

It?* 
11'* 
11  »• 

1 1 

n ■ ♦ 

I 1 7* 

II  "♦ 

1 r>* 

1 'p  « 
11* 
l 5* 

\c  ^* 

1 '4* 

m,* 

1 

lc7» 

1?4« 

l?ri* 

1 i !1  ♦ 

m* 

1 

1 3^* 
1 34* 
1 5S* 
15h* 
1 ■*7* 
1 3ii  ♦ 

n >* 

1 4n* 
141  * 
14  3* 
143* 
144* 
14S* 
14^,* 
147* 
140* 
144* 
11)0* 
Ibl* 
152* 
1S3* 
154* 
1‘3‘S* 
lb6* 
lb7* 
1 so* 
ibq* 
loO* 
Ifcl* 
162* 
lb3* 
164* 
16S* 


J' 

STK'l  = 'lTKS  + Ti<^c;(Mv) 

STKc;<;  = 5TK';S*T'<S('t'^) 

50P=«inP+np(L.’‘M.K) 

ST'<ST’“STK'^'>t3*T>'';  ( •■^'^1  *TD  t L*  *•'<»  I'  1 
■•1  CO'ITInLJP 

Taj?  (L»  K ) = ( (<;T<c;np-(  (c;TKS*5nP'  / TT)  ) / r ctic'^S- ( STk  C**2 . 1 / TT)  ) /?. 
np=s'7P/iT 

BC<L*K)=T:iP-(TAlir(L.K)*TTKS1*?. 


PSC  ( L » K ) =qc  ( L ' O / T Air  ( L . •<» 

VlSA(L»xi=T''ir(L»'<)  Z*!?  tU''< ) 
pn( L*<)  =TA.r  (L»'< ) *psr  (l»k ) 

G(L,K)=TAI)C(L*<1  ZPSC  (L*K  ’ 

PKLfKlrPGCtL'K'  /'^P(L*K1 
EVtL.KlzVISAaiXl^d.+RSCtLfKl) 

IFtX.t^O.fS)  -.o  T?  GO 
KrK  + 1 
GO  TO  bf) 

SO  IFd.ro. IGl  GO  TO  SO 
1 = 1*1 
GO  TO  6S 
SO  rfPlTc (6, inp) 

ino  FOPv*AT(»l*  • GPOIJ=  'A=>ILL«PV  por«;5i|Pf;  SlOPF  SmpaP  CTorSS 
c Shear  RATr  vtscostty*/*  niimrfr  "SI  rr/Rfc 

r 0YHE5/C*^p  l/SFC  ooisr*) 

NXY  = l 

DO  70  IrlrTG 
LriGNd  ) 
tT=M'A(Ll 
DO  71  J=l,IT 
MM=rTllB(L»  J1 

’^D  = ^J»|(HM) 

DO  72  <=1*NP 

W9ITE(6»  101  1 OHO'IPlLl  , .1)  , PPFSS  ( L » X ) »<;T6MA(L*«MrK)*TAll(U* 

oMy.X),0(L*»'''.X),vrS{L.MM.K) 

101  FORMAT (4X* At  »nxd2*7yrF7.3.4y»F5.1r4y»F9.2*6X»FOtl*?X*F0.4) 
D2(HXY)=0(LfM'<»x) 

TAUP(NXY)=TAIJ(l***M»K) 

VlS2(NXY)=VTS(L*''y*K) 

NXY=NXY*1 
72  CONTINUF 
71  CONTIWE 
70  COMTINUE 
WRITE (6. 1021 

102  FORMAT! 'I'.'  GoOijo  SHEAR  TOTAL  APPLIED  CORRECTED  R 

CECOVERARLF  APoAREnT  SHriO  RPLAXATIOA)  NORMAL  EPE'tCTTVE 

r*/*  RATE  shear  prfssure  shear  shear 

C viscosity  modulus  time  stress  viscosity*/* 

C STRESS  stress*/'  1/sec 

C DYNES/CM2  OYNFS/CM2  DYnES/CMR  ROISE  DVMES/ 

CCm2  seconds  DYNES/CM?  POISE*) 

NY7=1 

DO  110  1=1. TG 
L=lGN(I» 

IT=NM(L) 

DO  111  J=1.IT 
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1 T « 

1 1 1 

fo7'aat(4y,ai  ,3x,Fq.p, 

1 1 . 

r 

. p,  1 V , so.  S , 'I  Y , FQ.  0 , 4X 

t • « 

S07  ( 'lYZ  ) =S0  ( L,<) 

17', 

Ta  I''3CjYZ)fYa  iC(I  ,<) 

IT.. 

VI',AnrjY/)rVTOA(l-,“’) 

1 7-  , 

RS'^'>(‘lYZ)=RSr  (l,Y) 

1 ■■  • 

'’N3(NYZ)zon(L,<1 

1 ’ T* 

NY7t-|YZ4  1 

17  , 

1 12 

co'itt'ijf: 

1 7-,, 

1 1 1 

CO'JTIM'Jf 

1 * 

1 1 1) 

CONTT-'IUF 

1 ' 

1 

1 ■ 

1 > 

1 ' ' 

1 

1 ‘.7 
1 

1 " 
1 •t 

1 M 

jcp 

JOI 

I 'M 
1 •' 

1 ■ . 
1 ''7 
1 -a 

I ' 
? ,n 
^ 1 
? "> 

O 1l( 
5(  ^ 
?>‘r) 
■>•'  7 

?I,H 
?IIT 
?1  0 
31  1 

?1  M 

?M 

21 '4 

?l'-> 
3 If, 
317 
31  M 
Pin 

2?o 

??1 

222 


■4n  = TTiM(L>  J1 

no  1 n i<  = i .<■. 

jVR1TE(6»  11  O^n'iniLl  ,'-,0(L»wl  fTfllTii  , mvi  , <)  » op  ( l . w , i4- ) , t nyc  ( I.  , u- ) , o<- 


C(\LL  dlpT';(  TO,  lo,  0) 

CILI,  PLOT(n.0,-7f,.0,-7) 

Call  PL0T(n.n,2.p,-ii 
Call  >7ACT0P(n.7=;) 

02 ( MV Y+ 1 ) =1 . n 
02(‘'iyY4-2)  = .'=n 
TAII3(MXY4-1  )=1  .0 
TAlJMnXYf  3)  = .0I1 

Call  LGAXSlP.PfO.n.poHSH'TAR  RTRFt;5-o''ME:c;/c’^-';oi)APp-P,-2P,  12.0»n.o»  1 
'■.n*  .SO) 

Call  LGAXS(n.n,n.n,?QM«;HFAR  RATr-Pr'-TPRoCAL  SrrnNns,3q,  12.0,00.0, 1 
r.n, .SO) 

Call  LGLI*'|(TA'l2,oo,,iyY,i,-i,il  ,n) 

Call  sy^ool  ( x. n,  i '>.n,  .?i  ,27MOMri>n  batt  u<-,.  ^hrap  <;Tnc-c;r,. 0.0,371 
Call  plotio.o, ip..n,-xi 

VlS3C'iXYfl)r,oi 
VIS->(MXY  + 2)  r.SO 

Call  lgaxs(o.o,o.o,2ohs'-(^ar  PATr-PE:'*^'’‘70PAL  S''cn»ins, -20, 13.0,0.0,  t 

r .0,  .SO) 

Call  LGAXS(  " .0,0 . 0, 1 S44VTSrrir  TTY-POirt-,  ir, , 13.0,00.0,  .01  , .SO) 

Call  L6LIN(n3,viS2,Myy,i,-i,ii ,n) 

Call  symroli x.o, 1 3.0, .21 ,24hvtsoost’’y  vs.  smfap  ratr, 0.0,241 

•')Y7r''JYZ-l 
WPlTc-(b,S001  ‘IY7 
■^oi,  F03"AT(///2't,  •NY’’  = »,TX) 

CALL  PLOT  ( 1 = .0,-1s.o,-;A) 

TA  IC2(NYZM  Irl  .0 
TAllP2(NYZ-f2)  =1  .0 
S03(mYZ+1 )=1 0.0 
SD2C|YZf2):l  .0 

Call  LGAXS(o.o,0.0,  ppmsh'^AP  S7QrSS_OYMrs/C‘'-S0llARFO,-2n,6.0,n.0»  l . 
rO, 1 .0) 

CALL  LGAXS(0.o,0,0,2''H5HCAR  P ATF-PEC T °R0C AL  SFC OMnS# 20 , S. 0 , po . 0 , 1 0 

r .0* 1 .0) 

Call  lgli‘j(ta"C3,sd2,aiy7,i  ,-i , n ,ni 

Call  symroli i .o,s.o, .14,''7hshfar  rayp  vs.  coRRErrm  shfar  strfss,o 

T-.O,  X7) 

Call  symrol ( i .s,s.s,  .07,  xqHTM''rRSE  si.ppf  eodals  apparemt  vtscosyty 
, 0,  o»  I'D 

Call  pldko.o.r. 0,-31 

VISA2(NYZ*1 Ir.OOl 
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■ 


■4 


• • 

^ I* 
O.’r  , 

?.  * 

7* 

■ * 

o i • 
? 1 ♦ 
■?  s I * 
^ .•)?* 
o ’ « 
o ■'  , • 
-*  ‘*1* 

5 4 * 

'>*'''»♦ 

^ n • 
.*>♦ 
» • 

?'i  4 • 

? «*.♦ 
:>'*  ?♦ 
24U# 

?uo* 

?L(1* 

?S|  * 

? j ♦ 
?*'^  * 
PS4* 

"I  ?♦ 
PS 


VI3A2(MYZ»?)  = 1 .0 

C/V1.L  LGftXS  ( . n , n . 0 . poH5t,rfto  o ft  jr-ppr  t opor aL  5^roKjn<; . -P'1  * ft  . n , n . n , 1 n 

" .0* » .r») 

CALL  LGAXS  ( n . n , 0 . n r iSHviscO';TTY-ooif;'-»  is»ft.o»on.n,.nfM,i.ni 
Call  lgl  inc'^h"'.  visap.myt.  i . - i * 1 1 »n) 

Call  '■^YvioL  f 1 .0»ft  . 1 <*,  XAMftonftDpMT  WTc;rnc;TTY  yC.  c;urftT  pftTr,n,o,t 

'A) 

CA-l  oL'AT(n.n.‘i.n,-ft) 

^SC'>C'|Y7+  1 ) -.  ’ n 
?SC'>C'iYZ«-2)=1  .0 

Call  I.G,^X'^(  p . o , n . n . -JOMSMf  ap  q mrc  <;_i  YMr«; /r o;ift  pro,  -P-i,  ft,  n , n . n , i . 

-n, 1 .0) 

Call  LGAxr>( " . n > n.  n » i ■^'^^rcovrPAqt.F  s‘-""ap»  i ?» ft. n, nn. n, . in»  i ,n i 
Call  LGLiMtift  ic?*'’';c^*'iy‘'.  l ,-i » 1 1 »n' 

Call  symbol  M . n . ft  . n , . 1 4 . A4HP'^'‘OVF»Afil  =■  FMFAO  Wt;.  ^Mrftp  FTqFqq.o.n, 
"A4) 

CA__  SY\«qOl.  ( 1 . 'i.  • “S  . . C7  , A4HTM''roc;r  c;i_opr  r-riAL';  SH'"''’  '‘^01)1-' I'i  > " . C . 

'■  A4  ) 

Call  r’L'AT(o.n.q.o>-3) 

Call  LGAXS(fi.n.n.n.pQqc,HFAR  QftTr-RE'"^"'’nCftL  5PTnND'i» -?p*6.  fi«  n . a • l 'i 

C.OM.n) 

CALL  LGAXS(  n .T,n.n  , 1 TMprCOVroARL  F AR  , 1 7 » ft  . n , PO  . 0 . . 1 n , 1 . n ) 

CAL:.  LGLI’K';q'‘.P'‘-^,'>,v|Y7, 1 ,-i  , 1 1 ,n) 

CA^L  SY4>q'1L(  1 .'l.ft.n,  . t4.  A?MP'"*0Vf7Aal  r FMrftR  VF.  F‘«^AR  PA  T'^.  R . 0 . 3P 

r ) 

Call  symbol;  l .S.'i.ft*  .n7,P0HFL'APr  fqmals  RFLAXATTON  YTMF.o.n.Pa) 
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LONC;  ShHIHS 


IM’UT 
Ciiril  1 

( aul : 

('aril 

( aril  4 

OUTPUT 
Table  1 


Table  2 


K;  Number  oI  groups 

ION  Oroup  number 

I I Number  of  tubes  for  each  group 

1 TUB  Tube  number 

NP  Number  of  pressure  for  each  tube 

PRlrSS  Pressure  levels 

KOUNT  - Number  of  volume-time  pairs 

VOL  - Volumes 

T - Time 

CiROUP  (iroup  name 

ITUB  Tube  number 

PRI  SS  Pressure  level,  psi 

SIOMA  Slope  of  volume-time  curves 

1 AU  Shear  stress.  ilynes/cm“ 

I)  Shear  rate,  sec' * 

V IS  Viscosity,  poise 

OROUP  Oroup  name 

SI)  Selected  shear  rate,  sec  ' 

TAUT  - Total  shear  stress,  dynes/cm“ 

DP  - Applied  pressure,  dyncs/cm“ 

TAUC  - Corrected  shear  stress,  dynes/cm 
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I 


oumiT 

RS('  Recoverable  shear 
VISA  Apparent  viscosity,  poise 
(i  Shear  modulus,  dynes/cm" 

R 1 Relaxation  time,  seconds 

I’N  Nomial  stress,  dynes/cm ‘ 

l-V  - bt't'ective  viscosity,  poise 


J 


Appendix  B 


46 


SAMPLE  OUTPUT 


CMKiLLAKY 

Hnc.i>bui<i_ 

SLOPl 

bHLAH  STKES5 

Shear  rate 

VISCOS*  f Y 

1 .Ul^Lit.1^ 

i-bl 

oC/bE<- 

bYNEb/CM2 

l/SLC 

POISE 

r 

1 

1<1  • uuu 

• 0U4 

1 b bb . 0 0 

52j7. 1 

.3162 

r- 

i 

£:u.uuu 

.007 

27on • 00 

78o0.0 

.3536 

t 

i 

o 0 • 0 U U 

. OuB 

4l4fi  • OO 

«438.n 

.4387 

i 

bo.oOu 

.012 

b9on • Od 

14040.0 

.4915 

t 

i 

bu • uOO 

.0.12 

ii04n*0o 

25316.6 

. 43ol 

t- 

I 

idu • uOO 

.0b4 

Ib5o0 • OO 

403j7. 1 

.4105 

r 

i 

it)^  • u 0 0 

.048 

22494.00 

5636?. 9 

.3990 

1- 

1 

iiO'j.  oOO 

.0b3 

2629n.0o 

741U0.0 

.3818 

r 

X 

dbu . OOU 

.062 

b45uc  *00 

959o3.3 

.3594 

t 

i 

oUo . UOU 

.0V2 

4l4dn . Oo 

i075j3.2 

.3860 

r 

X 

4Uo . UOU 

. Ib3 

bb20fj  *00 

178515.5 

.3092 

»- 

X 

oUo • UOU 

.224 

o^OOfl . Od 

ii61940.3 

.2604 

h 

X 

oOO  *000 

. 3.;l 

b2Bo0«0O 

J757u6 . 4 

.2203 

t- 

X 

/Uo . oOU 

.4b9 

9bbd0 • Oo 

636752.6 

. 1800 

r 

c.uUO 

.0u3 

1194.00 

3744.0 

.3169 

r 

J • uOu 

.0u7 

29b5*0d 

77ci?.0 

. 38o6 

h 

UOU 

.009 

b373*0o 

10563. 4 

.5086 

h 

i£l>  UOU 

.011 

71o4  *00 

12636.0 

.5670 

c 

<^u.uOU 

.01b 

1194o*00 

18742.3 

.63/1 

1- 

<L 

^u.ouo 

.022 

l791o«Od 

25896.0 

.6916 

t 

bu  *000 

.033 

2*^650  • Oo 

3900O.O 

.7664 

t 

C 

• 

c 

o 

c 

.ObO 

4179(1  • Oo 

58062.0 

.7201 

h 

c 

9o  . uUU 

.07b 

b373ri  • Oo 

87248.6 

.6158 

r 

c 

idd . uOu 

.096 

728^4 . Od 

112766.0 

.6468 

t 

d. 

ibi • uuu 

.147 

90147.00 

172261.6 

.5233 

h 

d 

ddu • oOO 

.243 

l3134p . Oo 

<:84594.b 

.4615 

d 

JUu • uOu 

.333 

1791uo*0o 

J90000.0 

.4592 

1- 

d 

4UU • JOU 

.bll 

236800 • Oo 

698295.4 

.3991 

1- 

Id 

1 • jOu 

.0u4 

441(1. Oo 

4498.0 

.9804 

h 

Id 

d <000 

.00b 

68£.n . Oo 

59d1.4 

1.4795 

h 

Id 

b • uUO 

.007 

220b0.00 

8112.0 

2.7182 

r 

Id 

lu • uOo 

.010 

44 1 dO • 0 d 

117t7.9 

3.7603 

»■ 

i-d 

^0  • dOU 

.017 

b62d0*0d 

19812.0 

4.4518 

(- 

i-d 

io.oOO 

.02b 

lb67oo • Od 

30447.9 

5.2142 

t 

id 

1)0  • dOU 

.040 

220bu0«00 

46644 . 0 

4.72/3 

h 

id 

bo • dUd 

.073 

352800 .00 

855b6 . 0 

4.1231 

»- 

i-d 

i<^<:<O0U 

.144 

b380c0.0d 

167961.6 

3.2034 

Id 

loH . oOd 

.163 

723240*00 

214024.4 

3.3792 

h 

i-d 

d^u • dUO 

.335 

*^***^*** 

3914o6.2 

2.5910 

h 

id 

jUo  • UUd 

.459 

*4***^*** 

636752.6 

2.4648 

Appendix  B 47 


s.XMrir  ‘>nniT  (roruimjod) 


► 


^^r^*'aa^ti'u'raa^l^lrfraadaau’ac^a 
• ^ k>^CCcoc»CC.sogrcO0ftVbC>rcruU 

u-»*rrry^^rjf'u*-Kra'rrrfw:rcce 
>-c  ucp^4c«^cf>«4Co^cr^£ca^u^o«irrvu■a 

t c or«^oo•>^c^«/oo^^£^(^oo^^caOr^«•-•y  r^«o 

Ui.  

Lc  crcaruuccuru>icccrvu’viha«i0c*-ro 

L»-  c r.9i;uu  J S U \t  \f  3 ^ U U \f  U 


fftracsa  atrac  ^ >l  c if  t c<v.rh  ^ c <n 
u u C P at  ^ f.  t •'a^•■C^  ^ a t •■Ct 

r ^^^cacr‘^rc^uf^cc-^^/rcc•'^ufcf 

<vu  a a ^ p t<.  p a 0 a p ^ao•-arraC*- 

rv.^^f>.aa  3<v»  — 


\iCc*-r  c U.C  c»“*-c  ar  r «^«>cor  r »4*'C  cr  f 

*C  si  t t Msisitt-pawppppat'ppt'pappp 


«r 

C' 

c 

X 

X 

X 

X 

X 

V. 

X 

X 

«- 

X 

X 

X 

P 

a 

X 

a 

X 

c 

a 

X 

a 

X 

r 

a 

X 

c 

c 

w 

p 

c 

c 

p 

c 

c 

0- 

? 

ti 

V 

P" 

p 

r 

r 

a 

a 

p’ 

p 

o 

if 

if 

p 

p 

p 

tv 

r 

P 

tr 

X 

p 

«r 

p 

p 

fr 

X 

p 

cr 

p 

K 

o 

X 

p 

ff 

X 

p 

c 

X 

p 

c 

X 

r. 

c 

X 

c 

X 

C 

X 

C 

Q 

X 

c* 

c 

•— 

<\ 

p 

a 

c 

c 

■M 

p 

a 

c 

c 

CJ 

p 

a 

c 

X 

c 

a 

a 

p. 

c 

X 

0 

a 

c 

p 

c 

X 

0 

a 

0 

p 

p 

X 

X 

X 

X 

p 

p 

X 

X 

X 

X 

p 

p 

X 

X 

X 

( 

► 

u 

c 

p 

p 

c 

u 

r 

c 

p 

p 

C 

u 

c 

p 

p 

c 

u 

0 

C 

t 

X 

p 

c 

a 

c 

f 

X 

p 

c 

o 

c 

t 

u 

p 

c 

c 

p 

u 

p 

»■ 

c 

c 

p 

u 

p 

w 

c 

c 

r 

L 

p 

. 

i 

. 

p 

•- 

c 

o 

p 

X 

p 

c 

a 

^ 

X 

p 

c 

a 

p 

X 

a 

X 

u 

X 

X 

X 

a 

X 

X 

X 

u 

X 

s 

X 

u 

u 

X 

X 

r 

a 

c 

c 

•• 

»- 

t 

o 

f 

c 

•- 

r 

c 

c 

r 

•- 

> 

p 

X 

a 

*•• 

X 

p 

a 

;» 

p' 

X 

a 

X 

c 

X 

o 

X 

X 

C“ 

X 

c 

X 

X 

c 

X 

c 

X 

X 

a 

p 

«- 

c 

p- 

X 

a 

p. 

a 

p 

X 

a 

c 

c 

r- 

w 

V 

p 

a 

X 

p 

*. 

p 

a 

X 

p 

V 

p 

a 

X 

p 

“ 

a 

r 

X 

c 

a 

e 

P 

X 

c 

a 

0 

r 

X 

c 

» 

U 

1 

r 

X 

c 

u 

p 

r 

X 

c 

X 

t- 

X 

C 

X 

t 

p 

X 

c 

r 

X 

a 

c 

X 

c 

r 

X 

o 

c 

L 

c 

0 

X 

Cf 

c 

c 

0 

X 

c 

a 

C 

a 

X 

c 

a 

c 

a 

X 

f 

> 

I 

« 

c 

c 

c 

X 

h 

c 

c 

c 

c 

X 

p 

C 

r 

o 

c 

X 

p 

c 

a 

X 

p 

a 

p 

0 

a 

X 

r 

Cl 

p 

c 

O 

X 

P 

o 

p. 

0 

p 

0 

c 

p 

u 

a 

r 

e 

c 

p 

X 

a 

p 

o 

c 

u 

■ 

► 

c 

Cf 

r 

X 

;*» 

c 

r 

X 

,-• 

a 

,-• 

O’ 

p 

X 

if 

w 

X 

p 

p 

p 

r- 

X 

p 

r 

r 

V— 

»- 

X 

p 

p 

r 

r 

c 

c 

c 

P 

•- 

c 

c 

c 

w 

»- 

_ 

V- 

c 

c 

c 

t 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c_ 

c 

c 

c 

c 

*- 

c 

C- 

c 

c 

c. 

c 

c 

c 

c 

c 

c 

c 

c 

c 

1 

c 

L 

t* 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

r* 

c 

c 

c 

c 

c 

C 

c 

c 

c 

c 

c 

c 

r 

c 

r 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

a 

a 

X 

p 

p 

c 

CT 

a 

X 

p 

p 

c 

o 

a 

X 

p 

r 

c 

r 

c 

X 

c 

r 

r 

c 

X 

c 

p 

p 

c 

X 

*■ 

- 

f 

t 

- 

e 

a 

r* 

f 

t 

— 

a 

r 

a 

r 

p 

•- 

cr 

a 

a 

r 

•“ 

0 

X 

c 

p 

p 

C 

X 

c 

p 

p 

»- 

C 

X 

c 

p 

r 

p 

X 

a 

p 

p 

p 

p 

X 

a 

f 

r 

f 

X 

a 

r 

r 

1. 

X 

p 

X 

X 

p 

X 

p 

a 

X 

a 

p 

X 

p 

X 

X 

a 

p 

0 

p 

ff 

r 

p- 

X c 

p 

X 

p 

p- 

X c 

P" 

X 

p 

p 

X 

p 

a 

p 

X 

X 

p 

c 

p 

X 

X 

f* 

cr 

p 

X 

c 

c 

3 

K 

c 

r~ 

p 

X 

X h- 

0 

p“ 

a 

X 

p- 

0 

w— 

p 

p' 

a 

p. 

X 

p- 

CP 

p 

X 

a 

•-H 

p 

a p 

X 

c 

a 

c 

a 

0 

a 

c 

« 

c 

a 

0 

a 

0 

a 

c 

a 

a 

a 

• 

> 

r 

' 

' 

' 

p 

' 

"■ 

p 

' 

' 

p 

' 

' 

' 

f 

r 

> 

► 

r 

C 

c 

u 

<N 

r 

r 

c 

X 

tv 

p 

(\ 

c 

c 

X 

tv 

p 

p 

r 

p 

a 

p 

p 

c 

p 

a 

p 

p 

c 

p 

a 

r 

a 

p 

c 

X 

a 

p 

a 

X 

a 

a 

p 

e 

X 

(*. 

u 

u 

X C 

p 

r 

X 

X 

X 

<r 

p 

r 

X 

X 

X c 

p t7 

X fv 

P.  X 

a 

a 

a 

p 

p 

X 

a 

a 

a 

p 

p 

X a 

CL 

a 

c 

•-H 

c 

X 

P c 

c 

X 

p c 

c 

u 

v' 

X 

<\ 

X 

X 

p 

p 

(V 

X 

X 

a 

p~> 

P' 

tv.  X 

X 

P 

p.  cr 

c 

p- 

X 

X 

X 

c 

c 

p- 

X 

X X 

o 

o 

p- 

X 

X X 

a 

0 

X 

X 

a 

a 

a 

<r 

X X 

a 

a 

a 

c 

X X 

a 

c. 

C 

»- 

X 

u 

u 

u 

u 

Ni 

u 

u 

u 

u 

u 

u 

u 

U 

u 

u 

u 

a 

p 

p 

p 

p 

u 

a 

p 

K 

p 

p 

u 

a 

p 

p 

P 

p 

a 

»- 

» 

«>- 

a 

»• 

•- 

c 

w- 

•- 

o 

c 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

if  r c c a a 

p"  ^ <s  tT  or  t' 


u t rccr^trr  sc  t p ^ c 
p'sC.iftj'is.P'tnsCtsiirsZCP' 


c ^£  r 

^ (N  L- 


K^—CC  s£  t f — CC 
vOOfo»-<\,ir«ric  k*^ 


r-  a a a 
^ K5  vC  C O 


r cy  <v  3 a 
3 tr  X C C 


r i»  r r 
^ p X C 


r c r X - r 

^ r c c c c 


c r X - r 
r c c c c 


c r »4,^jyruuox»-<'uucx^cii  ircx^-ccxffpr  ccxf^'f  c 
r cccc*-cr  acc•-c^  acc«-c*r  o ccc^-f'auxc^-K-^uuc 

<\.<\.<\cv.fv  <\.o.<\.t\(\ 


c 


? c a r-  X 

X c r c ;y  a 

c X ^ . . . . 

« I-  w c r p c 

u a L c X ^ 

' ij  a fv 

C t > Ts  jf  X C 

c 


^ «\j  c a r-  X 
c\  X h-  c .3  a 


;y  f\icc  \T  a <\ifOor-  ^o^•p^c 
fvxr'C.ja(\.XK'o<\h-c\<x»'  a 


a o^-p^o^‘J 


cr*  xxxx4T.^xxxx^^  xx 
<\,xxp';*ho  r-xxtc^ar-xxf^ 


X 

0 


a 

r- 


xccrpcxc^-cr 
c X p*  c X <\  C X 0 

xc—  ;yacvxc—  3 


r C XO.C- 

X 0 X <v 

ff  X o c 

X O ^ K 


it  X r-  c 

X ff  ^ r*  f\ 

X K ^ a X 0 

c r-  c ^ K 

^ cv  rr  p^ 


^P-  ^X^  c — P i? 

xa'-^r  (vxx*-* 

Xf'^ttXCXP*- 
c^  :>cr-K  chiy 
— — (V  p"'  p".  ^ Cy. 


x^p^•-cx^*• 
a a cs  cr-xp. 
ctxxp.  *-ax.3X 
chr-^-xarxh- 
p p (>,  p ^ X 


f\^car^p<\^c 
fvcr^xpjc.cf^ 
p— ax.:»XP*-o 

•-a  a <^x^— xa 

CVP^XP-  <\.p^ 


cr 


X 

r 

X 


I 

I 

1 


L 

L 

P 

r 

X 

c 

p 

r 

J 

c 

e 

cx 

X X 

p 

c 

X K 

r 

c* 

o 

p 

K 

a X 

X 

y£ 

r 

a 

p p 

C X 

0 

0 u 

X 

a 

c 

X 

t\ 

X 

a 

J 

0 

c 

r 

L 

C 

V 

X 

p 

a 

c 

»- 

p 

e 

C 

c 

C 

X 

X 

c a 

X 

p 

X 

o ^ 

X 

X 

44 

X 

X 

a 

c 

a o 

a 

C 

p 

c 

r a 

44  p 

r 

c- 

P X 

X 

c 

0 

X 

P o 

X 

o 

a 

a 

a 

C 

c 

► 

_ 

L 

p 

a 

X 

r 

a 

C 

a 

X 

P 

c 

X 

X c 

p 

X 

p 

0 a 

p 

V— 

X 

a 

p 

tv 

X 

•“  X 

c 

a 

X 

a 

c ^ 

a 

4- 

X 

c a 

a 

p 

4- 

vf 

»— 

If 

c 

u 

4* 

si 

4- 

X 

4- 

_ 

X‘ 

U 

X 

a 

c 

p 

a 

X 

X 

p 

c 

X 

X 

p 

^ r 

p N 

p 

p-  — > 

a 

X 

X 

a 

p p 

p 

X X 

0 

O 

X 

X 

a p 

44  o 

P 

c 

a P 

o 

a 

a 

X 

0 

44 

a 

X 

44 

c 

a 

X 

u 

L. 

X 

ZT 

p 

a 

c 

>1. 

p 

0 

p 

a 

X X 

a X 

P 

p- 

p 

X p 

X c 

a 

X P X 

X 

P X 

(T 

c 

p a 

X X 

O 4- 

O X 

44  X 

P P 

X 

4- 

a 

X 

44 

a 

44 

a 

X 

p 

X 

u 

>• 

p 

p- 

X 

O' 

0- 

C 

P X 

p 

X 

p 

X 

p 

P- 

o 

a 

K r- 

cr 

p a 

X o 

a 

X P 

X 

44 

a 

X 

P X 

44  X 

X P 

O P 

X 

p 

p 

a 

X 

X X 

o 

o 

p 

a 

p 

o 

« 

tt 

C 

»-« 

<\ 

p. 

a 

X 

•X 

p 

p 

M 

w 

X 

c 

a 

X 

p 

p 

a p 

o 

p 

44 

p a 

X P 

a 

X 

X X P 

X 

44 

X 

44 

X 

44 

X 

44 

u 

0 

p 

p 

'*■ 

p 

p p 

a 

X 

P 

p 

r 

c 

p 

p 

X 

X 

er 

X 

X 

a 

p' 

o 

o c 

X P- 

X X O' 

X 

a 

o 

X 

p 

p 

o 

a X 

P X 

X X 

p p 

44  O 

a 

p 

44  c 

X 

X 

a 

X 

a 

P c 

X 

X 

K 

p 

X X 

cr 

X V 

a 

p 

c 

X 

X 

a 

a 

X 

p 

X 0 CD 

X 

X ® « P 0 

p- 

X 

p 

O P 

X 

X X 

0 

O' 

p a 

X X 

O P 

a 

44 

X a 

.4 

X 

C 

44 

p X 

P 

X p 

p 

44 

X 

cr 

c 

< 

u 

X 

a 

p 

a 

p 

p 

Pv 

p p 

p 

a 

a 

X X 

X 

X 

X 

X X. 

44 

X 

0 

p) 

p 

tv 

O 44 

a 

p 

X If 

a P 

P'.  p 

44 

P 

P p 

a 

a 

a 

44 

t* 

X 

P 

0 

If 

li 

X 

X 

X 

p- 

.*• 

j: 

a 

c 

a; 

p 

O P 

0 

O' 

p 

X 

X p 

o 

p. 

a 

X ® 

44 

p 

X 

o 

a o 

K') 

p 

44 

p 

P a 

X X 

O X 

O X 

O X 

o 

a 

P 

o 

P. 

■i) 

c 

c 

X 

c 

C 

p- 

* 

p 

X 

a 

X 

a 

p 

X 

p 

a 

a 

c 

— X 

0 

P X 

c a 

a 

a 

a 

X 

X 

p 

0 

X 

p 

X 

a 

X a 

X X 

c 

c 

p p 

If 

X 

44 

X 

c 

a 

X 

p 

a 

u 

X p 

a 

P 

X 

X 

>• 

0m 

p p 

p 

a 

X 

p- 

44 

p 

p 

a 

X 

p 

ir-  p 

c 

p 

44 

r 

P O 

X ^ 

p 

X ^ 

0 

44 

44 

kf 

c 

a 

X 

p 

X 

K 

c 

p 

a 

c 

44 

4-  44 

o,  p 

p 

c 

X 

u 

e 

p 

c 

p 

p. 

c. 

p 

p; 

c 

p- 

p 

o P- 

p< 

C-  P- 

K,  C 

X 

0 

p. 

X 

p> 

c 

X 0 P. 

a 

p 

C. 

X 

0 P. 

X p 

a 

Pt 

p ^ 

0 

o 

a 

p 

_ 

0 

o 

a 

P 

p 

0 

«i 

P- 

o 

c 

P 

p 

p 

w 

w 

p CsJ  P 

o o 

p p 

p X a 

p 

«-•  O' 

X 

X a 

P ^ 

O' 

X 

X a 

P ^ 

o ® 

44 

p 

p a 

a 

p 

p 

a 

■t 

4/' 

44 

P P 

a 

a 

u 

c. 

u> 

• 

• 

* 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• • 

• 

• 

• 

• • 

■ 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

« 

• 

• • 

• • 

• 

* 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

,7 

a 

X 

0. 

p. 

a. 

K, 

a 

p 

X 

p 

X/ 

P 

GC 

p 

CL  P 

X P X 

P 0 

p p“ 

44 

a 

X 0 

p p •-» 

a 

X 

0 

p 

P 44 

a X 

p 

G 

P X 

O' 

p 

P 

c 

p 

X 

O' 

p 

p 

O 

p 

X 

o 

V. 

c 

p 

iT 

X 

c 

p 

o 

p. 

X 

X 

c 

p 

C P 

X 

X 

c 

P 44 

X 

a 

44 

p- 

p 

44 

X 

a ^ 

p 

p 

44 

X 

a ^ 

p p 

p> 

a 

a a 

a 

X 

a' 

a 

a 

a 

a 

X 

p 

a 

a 

a 

a 

— 

a 

C 

a 

C7 

a 

o 

a 

O' 

a 

(J' 

X 

o 

a O' 

a 

O X 

O X 

a 

K) 

p 

o O 

X 

a 

p p 

o 

o 

X 

a 

P p 

o o 

p 

X 

CL  44 

a 

p 

P 

X 

X 

44 

a 

p 

p 

UI 

a' 

a 

p. 

P^ 

P 

X 

0-4 

X 

p 

p 

X 

•M 

X P 

p 

X! 

X X 

X X 

X 

X X 

X 

X 

X X 

X 

X 

X 

X 

X X 

X X 

X 

44 

p a 

c 

X 

tr 

4- 

p 

a 

c 

X 

tf' 

44 

p 

a 

c 

P 

P 

p p 

P 

p 

p a 

X X 

o 

p 

a X X 

o 

p 

a X 

X o 

44 

4«  P 

P 

p 

44 

44 

p 

p 

p 

44 

44 

p 

p 

- 

44 

P P 

a 

X 

■ w 

p 

a 

X 

44 

P P 

a 

r 

c 

C 

o 

n 

O 

o 

T' 

c 

o 

c 

0 

0 

c 

0 

0 

0 

3 

3 

3 

3 

3 

3 

3 

0 

UJ  UJ  UJ  LiJ 

UJ 

UJ 

UJ 

Ui  u 

3 

3 

u. 

u. 

u.  u. 

u. 

u 

u. 

u. 

u 

u 

u 

u 

u 

u. 

u. 

u 

u 

[ 


Apperulix  H 


4‘# 


I H • 4 ~ M.P  *44  •• 


APPKXPIX 


Mt  HK  KRU  v:;.  '..nrPiR  wTri:::; 


- ''T'rrr"  . » — — t -- t t-ttiti — r 

» 'm':o  ’ < - '47; a 


~y  1 r I'Tfi — r- 

' ''’’’’'T'r 


3 < s S'ij'iO'” 


..  T((fGG-r3rNFG^r‘i-63ufi‘’fO 


Figure  B-1.  Sample  of  Intermediate  Flow  Curve  (Capillary  firoup  F) 
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Figure  B-2.  Sample  of  Flow  Curves  Characterizing  the 
Properties  of  a Viscoelastic  Fluid  Using 
All  of  the  Capillary  Groups 
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Figure  B-2.  Continued 
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Figure  B-2.  Continued 
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Am  NDIX  c 


1»U()(  1 OURI  FOR  nn  hk.h-pre-ssurh  capillary 
vise OMI  T>  R I XIM  RIMI  NT  t VALUATION 

1 ( onstruv.t  ilororination-rccoil  curve: 

a.  Plot  A volume  versus  lime  rectilinearly  for  each  applied  pressure  AP. 

b (iraphically  iletermiiie  the  slope  of  volume  versus  A time, 

c.  Calculate  the  shear  rate,  shear  stress,  and  apparent  viscosity. 

II.  Ctnistrucl  consistency  curve. 

a.  Plot  lop  shear  rale  versus  lop  shear  stress  for  each  proup. 

b.  I or  selected  isoshear  rates  praphically  determine  total  shear  stresses. 

c.  Calculate  the  total  applied  pressure  for  the  associated  total  shear  stress. 

Ill  Construct  pressure-ilimension  curve: 

a.  Plot  total  applied  pressure  versus  fi.'r  ratio  for  each  tube  by  proups. 

b.  Ciraphically  determine  the  corrected  shear  stress  (equals  the  slope  of  each  curve  divided 
by  two)  and  the  recoverable  shear  (equals  the  X-intercept  value  multiplied  by  a nepative  two). 

I\'.  Construe'  curves  of  peneralized  viscoelastic  functional  parameters: 

a.  Plot  the  lop  of  the  selected  shear  rates  versus  the  lop  of  the  corrected  shear  stress  for  all 
of  the  proups.  Tlie  inverse  slope  equals  the  apparent  viscosity. 

b.  Plot  lop  apparent  viscosity  versus  the  lop  of  the  selected  shear  rates  for  all  proups. 

c.  Plot  lop  recoverable  shear  versus  the  log  of  the  corrected  shear  stress  for  each  group. 
The  inverse  slope  equals  the  shear  modulus. 

(1.  Plot  lop  recoverable  shear  versus  log  shear  rate  for  each  group.  Tlie  slope  equals  the 
relaxation  time. 

e.  Plot  log  normal  stress  versus  the  log  of  the  selected  shear  rate  for  each  group. 


55 


DISTRIBUTION  LIST  f> 


Sjiiu".  ( opies 

( Ml  Ml(  \l  SI  I MS  I ABOR  MORS 


S\l  I n ()l  I Id 

Attn  DRDARAII  1 

I RDA  SI  PPORI  ()l  I It  I 

Attn  DHDARlII  I 

ri  \NS  A I’ROt.R  AMS  ()l  I Id 

Attn  DRDARAIRI  4 

Al'IIIOR'S  < OPIl  S Ri-iearih  Divuion  2 

HIOMIDK  Al  LABORATORA 

Attn  DRDAR-(ll  I 

Attn  DKDAR-dl  H I 

Attn  DRDARTllM  I 

Attn  DRDARAILV  1 

1)1  \l  lOPMI  Nl  Al  SUITA  )K  I DIVISION 

Attn  DRDARA  IJ  R 2 

Attn  DRDAR-dJ-l  2 

Attn  DRDARA  IJ  M 1 

Attn  DRDARATJ  P 1 

MUNITIONS  division 

Attn  DRDAR-TLN  1 

PHA  SIC  At  PKOTtmON  DIVISION 

Attn  DRDAR-C'LWP  I 

RI  StARt  H DIVISION 

Attn  DRDAR-CLB  1 

Atm  DRDAR-fLB-B  I 

Attn  DRDAR-CLB-C  I 

Attn  DRUAR-CLB-P  1 

Attn  DRDAR-CLB-R  1 

Attn  DRDAR-CLB-T  1 

SYSTLMS  ASSFSSMFNTS  OI'FICK 

Attn  DRDAk-CLVA  I 

Attn:  DRDAR-C'LY  R 1 


DEPARTMLNT  OF  DEFENSE 
Admmistratui 

Defence  Dotumentation  Center 

Attn:  Accessions  Division  12 

Cameron  Station 
Alexandria.  VA  22314 

Dtrector 

Defense  Intelligence  Agency 

Attn  DB-4G1  1 

Washington,  DC  20301 

DEPARTMENT  OF  THE  ARMY 

HODA  (DAMO-SSC)  1 

WASH  DC  20310 


Names  C opies 

Director 

Defense  Civil  Preparedness  Agency 

Attn  PO(DC)  1 

Wasliinglon,  IK'  20301 

( INC  USAREUR 

Attn  AEA(K'-DS  I 

APIA  New  York  09403 

Chief,  Office  of  Research, 

Development  & Acquisition 

Attn  DAMA-CSM-CM  1 

Attn  DAMAARZD  1 

Washington.  DC  20310 

Headquarters,  Sixth  US  Army 
NBC  Office 

Attn:  AFKC-OP-PN  I 

Presidio  of  San  Francisco,  CA  94129 

HODA  (DAMMTT)  I 

WASH,  IX:  20310 


US  ARMY  HEALTH  SERVId  COMMAND 

Superintendent 

Academy  of  Health  Sciences 

US  Army 

Attn:  HSA-CDC  1 

Attn:  HSA-IHE  1 

Fort  Sam  Houston,  TX  78234 

US  ARMY  MATERIEL  DEVELOPMENT  AND 
READINESS  COMMAND 


Commander 

US  Army  Materiel  Development  and 
Readiness  Command 

Attn:  DRCDE-DM  1 

Attn:  DRCLDC  1 

Attn:  DRCMT  1 

Attn:  DRCSF-S  1 

5001  Eisenhower  Ave 
Alexandria.  VA  22333 

Project  Manager  Smoke/Obscurance 

Attn:  DRCPMSMK  1 

Aberdeen  Proving  Ground,  MD  21005 

Commander 

US  Anny  Foreign  Science  A Technology  Center 

Attn:  DRXST-ISl  2 

220  Seventh  St..  NE 
CTiulottesville.  VA  22901 

Redstone  Scientific  Information  Center 

Attn:  Chief.  Documents  1 

US  Army  Missile  Command 
Redstone  Arsenal,  AL  35809 


57 


PRSCKDIMO  PJUiK  BUMUMOT  FUMED 


DISTRIBUTION  LIST  6 (Conid) 


Names  Copies 

nireelot 

IHRl'OM  1 leld  Salcl>  Activity 

Attn  |)RX()S(  I 

Chatlestown.  IN  47111 

('omm.in'UT 
lVARtX)M.  Sim  I'R 

—Attn  DRXST-Sl  1 I 

Bos  48,  APO  Ness  York  09710 

C ommandei 

I S Arms  ScK'nce  A Teshnology 

C enter  ! ar  Last  OITite  1 

AlX)  San  1 rancisso  96,728 

I S ARMY  ARMAMI  NT  RI  SI  ARCH  AND 
DIVT  IOFMI  NT  COMMAND 

( ommander 

I S Army  Armament  Research  and 
Development  Command 


Attn  DRDAR-Tl)  1 

Attn  DRDAR-TSS  1 

Dover.  NJ  07801 

CDK.  APC; 

I SA  ARRAIX'OM 

Attn  DRDAR-OACR  1 

Attn  DRDAR  ACW  1 


Aherdeen  Proving  (iround,  MD  21010 

LS  ARMY  ARMAMI  NT  MATERIEL  READINESS  COMMAND 
C ommander 

US  Army  Armament  Materiel  Readiness  Command 


Attn  DRSAR-ASN  I 

Attn  DRSARIMBX'  1 

Attn  DRSA.ISA  1 

Rock  Island.  IL  61201 

CDR.  Aix; 

USA  ARRCOM 

Attn:  SARTL  I 


Aberdeen  Proving  Ground.  MD  21010 
Commander 

US  Army  Dugway  Proving  Ground 

Attn  Technical  Library,  Docu  Sect  1 

Dugvsay.  UT  84022 

Commander 

Rocky  Mountain  Arsenal 

Ann  SARRMOA  I 

Commerce  City,  CO  80022 

Commander 
Pine  Blufl  Arsenal 

Attn  SARPB-ETA  1 

Pine  Bluff.  AR  7161 1 


Names  Copies 

US  ARMY  TRAINING  & DOCTRINE  COMMAND 


Commandant 

US  Army  Infantry  School 

Attn.  NBC  Division  I 

Eort  Benning,  GA  31905 

Commandant 

US  Army  Missile  & Munitions  Center  & School 

Attn  ATSK-CD-MD  1 

Attn:  ATSK-DT-MU-EOD  1 

Redstone  Arsenal,  AL  35809 

Commander 

US  Army  Ixrgistics  Center 

Attn:  ATCL-MM  I 

I ort  Lee,  VA  23801 

Commandant 

US  Army  Military  Police  School/Training  Center 

Attn:  ATZN-CDM  I 

Attn:  ATZN-TDP<-  I 

Attn:  ATSJ-TD-CR  1 

Fort  McOellan,  AL  36205 

Commander 

US  Army  Infantry  Center 

Attn:  ATSII-CD-MS-C  1 

Fort  Benning,  G A .31905 

Commandant 

US  Army  Ordnance  & Chemical  Center  A School 

Attn:  ATSL-CL-NB  I 

Attn:  ATSL-CL-CD  1 

Aberdeen  Proving  Ground,  MD  21005 


US  ARMY  TEST  & EVALUATION  COMMAND 

Record  Copy 
CDR,  APG 

Attn:  STI:AP-ADR/RHA  I 

APfi-Falgewood  Area,  Bldg  F^5179 

CDR,  APG 

Attn:  STEAPTL  I 

APCi-Aberdeen  Area 

Commander 

US  Army  Test  A Evaluation  Command 

Attn:  DRSTE-FA  I 

AK}-Aberdeen  Area 

Commander 

US  Army  Tropic  Test  Center 

Attn:  STETC-MO-A  (Tech  Library)  1 

APO  New  York  09827 

Commander 

Dugway  Proving  Ground 

Attn:  STEDP-PO  1 

Dugway,  UT  84022 


58 


DISTRIBUTION  LIST  6 (Conid) 


N.imc\ 

1)|  I’ARIMI  NI  ()l  nil  NAVY 
( ommandci 

Naval  LxploMvr  Ordnance  Disposal  I acilily 
Attn  Army  Oiemical  Office 
Indian  Head.  Ml)  2(>h40 

Coinniandei 

Na'al  Su  ce  Weapons  ('enter 
Attn  Tech  Lib  & Info  Svcs  Br 
While  Oak.  laiboralory 
Silver  Spring,  Ml)  20910 

( onunander 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 
Attn  DX-21 
Dahlgren.  VA  22448 

Chiet.  Bureau  of  Medicine  & Surgery 
Department  of  the  Navy 
Attn  CODES 
Washington,  DC  20372 

Commanding  Officer 

Naval  Weapons  Support  Center 

Attn:  Code  5042/Dr.  B.  E.  Douda 
Crane,  IN  47522 

DEPARTMENT  OE  THE  AIR  FORCE 

HO  Foreign  Technology  Division  (AFSC) 
Attn  PDRR 

Wrighl-Patierson  AFB,  OH  45433 
Commander 

Aeronautical  Systems  Division 
Attn  ASD/AELD 
Wright-Pallerson  AFB,  OH  45433 


Copies  Names 

HO,  USAF/SGPR 
Forrestal  Bldg 
WASH  IK"  20314 

I HO,  Ogden  ALC/MMWRA 
Hill  AFB,  UT  84406 

Commander 

Armament  Development  & Test  Center 
1 Attn:  DLOSL  (Technical  Library) 

Eglin  AFB,  IT.  32542 

NORAD  Combat  Operations  Centcr/DBN 
(’heyenne  Mtn  Complex,  CO  80914 

OUTSIDE  AGENCIES 
I 

Battelle,  Columbus  Laboratories 
Attn:  TACTi:C 
505  King  Avenue 
Columbus,  OH  43201 
I 

Director  of  Toxicology 
National  Research  Council 
2101  Constitution  Ave,  NW 
Washington,  DC  204 1 H 
I 


I 


I 


Copies 

I 


1 


I 


59 


